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Commanding OfPicor 
Chemical Corps Technical Command 
Building 350 
Arny Chemina), Center, Maryland 
Attention: Chief, Muaitious Division 
Gentleman: 
Troneswibted herewith aro six copies of the seventh quarverly progress 
vopor'$ om our studies of phosphorus fillings for munitions. The 
repost covers work performed under contract W-18-035-CW7S-1818 duriag 
she pevied January 1 to March ci, 1948. 
Vory truly yours, 
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Resulives of calontatiors iat a on data obtained tn therm) 

’ stability teeta of experimental a , * FAs iieatia thet tho 
atabilitios of - LALLIngs aro about #8 high as oon bo expocted irom 
the propertios of tho mterlals aomovisiug the Pillings —_) ~] 

a. ox white 00 ved piaibecs ja a.8 OM sholia hove | 

been sarrled out. Whon the shslls ave quenchod sin water ac son ag the 
venvsr sion ratetion tg wall uuer way, tho convovahon preacads esmoctaly | 
umd safely to conpletion. he ycAlvov-soldesod MA gholls will not stand 
“the conditions Jupoxsed, 6904 at 580*C., whan tho 

Bholie are allowed to rewin ia the 


furnace througnowt the eeuverolou.) 


7 Vinevyosls 4.2 68 eel ty h ave been PAlled wiih exocidmencald 


| vherpreses filings. Of these, 2 verve tostiad to dcutruction fn the 
; souversion of whice BA wassiw rad aap hteeinen, The thor 
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: . dtu the $month porlod covered by this progress report, the 

experimental work was oonflaed to determination of the proportlons of 
che components of various fillices that would be expooted to perform 
boat in munitions. Five typoa of fLllings comprising graaulated white 
phosphorus and verilous binmiors were investigated. The binders were 
ordinary plastoy of paris, plaster of payis ses with an enmuleion of 
white phosphorus ia aqueous polyvinyl alcohol, Duralon, Thioke] LP=2, 
and Thiokel LP? modified with norcaptoetnancl. 


“2 a ores OTTER SEAR 
> 


During a visit to the Army Chemical Cewoor on Oatvoter 18 to L?, 
1947, At waa agreed that IVA vovld chargo some 4.2 CM shells with 
osporimental Ciliiags sontelndng graslated white ochocphorus and with. 
ved phosphorus prapared directly in tho shells by sonvereion from white 
phosphorus. Tho presems report doseviboy tho filling of 96 suoh cholls, 
\ $4 of which heve boon shippad tc the Center Lor ovoluntion. 
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EILoek of dator © on 2 Durador: and d Thicke LP-2 Villiuas 


0 rere Dee nt me rate re Or me OR eee ee Nat Fried 


Ie nas haex customary to dewator gvanuluusd phosmuiceus Por use 
in Duyalon filiings by blewing carbon dloxids dovarwrd througa 9 column 
of the granules Ana cubs closed «tb “he Lowey ead. oy ¢ porous plats. 
Ween tia buble of the watier wou hoinancnetie by the cavbow dhoxidu, awo 
guccdasive portions of 95 por com ethyl aleohol wore youvod over the 
gremuloea ond also displaced by a curronmt of carhon dioxide. fhe piurpose 
of Who alcohol ves te provide a subsuantielly watacetree mass of phos 
phorua granules | thas te otvinte possible adverso offent of the 
uater on tho seviing of the Durelon rosia with whish the granules wore 
to be bound. 


Granuleted phosphorus for usa tn Wolokol LPot fillings wes 
dewatered by Washing with sestone in the sam nance. The choioe of 
solvent wan based on competabliity with tho binder, slthough only small, 

° ; amounts of the sclvons werd loft on the phosphorus. 
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Py To determine the benefits derived fron virtual dewatering of 
the granulated phosphorus with organio solvents, two series of Durnlon 
fillings were prepared; in one sorles the phosphorus was washed with 
re alochel, and in the other the water clinging to the pranulea was not 
' yemoved, Two similer series of Thiokol LP-d fillings also ware prepared, 
except that the drying agent was ocetone. 
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| With both fillings the use of granulated phosphorus wet with 
| water made tho initial mwixturcs of phosphorus and binder somowhet leas 
Ciuid and moro sticky, particularly towards motallio surfaces. This 
stiffening and teackifying of the mixtures, howsver, inorcased only to a 
i , 2 awall degree the difficulty of wixiag and transferring the fillings. 
fho water wae without noticeable offeckb on tho rate or extent of surdiog 
of elther binder, or on the these) atebilitiss of the cured fildings. 
[fs in ooneluded that waching of tho vhosvhorus granules with alaochol 
oy aostono Wil bo nodthor nocorsary nor parsicularly desirablo if these 
fillings aro prepared on u large seale with mohanical equipment. 


IVS, BraledomPiantor of frie Milling 
, The terdency of emulsions of white phouphorus in aqueous 

oollyviny) aloohol, and of &llings proparsd with thoee emulsions, 
‘slaaber of pariz, and gramaletsé phosphorus, to oaGiude gas with 
sonsondtiont inovease in tho volum ogoupded by the omulsioan and the 
flilicgs hes won reported proviovsly. A further investigntbioa was 

wade of the uppervats volunys occupied vy kicm welshtc of savarel of 

thoge smmishon P.llines. Phe eprled on contained 59 pew cark by welght 
af owvluified white phosphorva end 50 pox cont of a 4 yer cert aqus0us 
sokugion of wedivmevigoosity polyvinyl eleohol, 


: Keon £4.Auge combeined 172 prams of granulated phosphorus and 
80 grams of the emulsion plaster mixture. The Mlliags wave pleced in 
8-ounco glaga sonple botbules an¢ allowod to stand. The volumes of the 
fillings whon freshly prapaced ond atter steading for 24 hours were 
ohserved, and the resulta ere Listed in Teble I, The inercag> in volums 
on atending apparonbly is due te relonse of oseludad gas ae the liquid 
yheee of the omulsion in dooroacod by the sotthug of the plaster of 
yoris. The gus so relenced probably would not resuit in the Jovelopment 
of insush pressure in a closed ocntalnar. Relabivaly tew gas pockote 
vould be soon in the wrechily prepared fllilngs, but aftor 44 nourse, whon 
the plaster of parla had cot, nuywrozs largo gas pockots wore visible. 
Although som of choca fLisings heve stood up fadely voll in short (8-hour) 
; thermal ebabliity tosts, the preseaco of the Jargo gas pockets makes it 
faaprokable ‘thet the fillings would romain ballistically stable on prolonged 
axposure to temperatures above the miving point of white phosphorus. 
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Appa arent nb Volumes aad wad Specific Grevities Ot 
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PVA Brulsion-Plastex of Paria PALM ings 
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Qiach filling oouteirs 172 grams of eranuloted. phosphorus 


and 80 grains of smulsion~plaster bieder) 


Piljing no. l 5 5 7 a 4 6 8 
Composition of binder, we. %: ‘ 

iemalgion 77, 74. 69 

Plaster au 26° ol 


Appareat volaue of Pllliac ga oo.i 


Pek 160 165 180 160 105 Loe 165 170 
at he. ws? = 105 we" 70 158 190 180 180 


Appawwoas specific gravity of Pil)aa 


Foosh 2.58 2.56 2.¢8 2.80 1.535 5.55 1.58 1,48 
oo he. 4.68 ae LEG UAE ONG 4.55 20. 10 
Tarosvtioad 1.70 1.728 1.74 
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‘ Inolades 2.0 oc. cupermwxbants free wetor, 


qherina), Stability Testa 
In evaluation of tho tnorme] stabilivy of axzpearimential phosphorus 

LAllinzs comprising graguloved phosphoryy aad @ solid binder, the location 
of tho seater of gravity, both along the longitudinal axis and laterally 
from that avis of a Pllled munition, is determined befors aad after heat- 
ing tho filled wmition for 8 hours et 65° 6. while lying ou its eide. 
The shift in the center of gruvity of the ontire munition or of the Piliing 
elone is « maguro of the thormed instability of tho filing and might be 
yeod to estimate the balligtio instabilisy af the iuniiion when fired from 
eo weapon. On the othor hurd, the therm stability of o filling thet 


contains walts phosphorus probably te expressed bout in toring of the abllasy 


of the bisdisr to votain tho phosshorus at tomperaiiwes above the molting 
poins of that olomont, 
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_ da the following discuasion, the oentar of gravity of a imnition 
or any of Ate components Is located by its distanns from the base of tho 
maaition as measured along a ling parallel to the axis of the mimition 
(Loagitudinal sontory of gravity), and ive distanca from the axle of tho ° 
muition ag magured along @ line perpendicular to the axis (leteral 
center of gravity). Tho “sorquo” of a muarition or any of ite components 
is token to men the product of the woight of the tmunition or ite component 
and tho distance of the correapomlivg longitudinal center of pravity from 
the base of the iaucaition. 


Astemptg were made to scalevlate, from the mossured onith of 
the center of gravity, tho amount of phosphorus that hed run ows of the 
body of the Filling. Thormal ssability testa in glass botvles had show, 
that the solid spongo formed by the binder, in which sho gverulos of 
phosphorus were einledded, underwent no apprecilabis change. Tt was assumed 
that the shift in the conter of gravity of the muniticen was due embire ly 
to movemant of phosphorur from bho binder inte the free space bitwoon the 
CiiLling aad tho top of the muaitiiion, It vas assured also that the 
longitudinal center of gravity of the binder and theo phosphovug 1% conceinod 
afsor tho test was ths came as thot of the originel Pilling, and that 
tho phosphorus romining in tho filling vas distributed uniformly along 
tho azis of the “illiug, put not noosaserily unicormly in a divoctihon 
perpomdicular: to the axis. 


From the weights of the @Llldrgs aad tho dimoustons of the 
oontaizors (MIS srenndes ond glass ccumio bottles) into which the fillings 
were chased for thermal stabllisy teats, tho volume occupied by the 
Pulling aad the vaoluno of free vpace Lotxcan tha filling and the top of 
tho oontsimer could bo celevlatod. Pho longitsudinal center of pravlty 
of the uubosted Piling oleo could bs oeleulatod, as could the longltudinad 
oonter of gravity of any phosphorus that would run ous of the {2 .dng In 
the thovmal stebllity vent and codlocti in the free space. With theao 
data, the amount of phosphorus chet was lost from the main body of tho 
LilAdng gould ke oalowlated in the following manner. 


Sioa M6 in ascumed that saditi of tho center of gravity of a 
munition curing a thoxmal stabliity toat is due entirely to the iovernas 
of ghousphorus from the body of the flliing to tho Crec spage between the 
filling ond the top of tho munition, the cheage in torque of the munition 
may be oaleulated olthor from the weight of the munition and ite change 
da longitudinal center of gravity or from the weight of phosphoruy that 
runs out of tho filling into the free space and the differencs betweon 
cho leogttudinal sonters of gravity of the fllling and the frase space. 
Whoo these two torques ore equated, the weight of the phosphorus that 
rung out of the filling is the only unlmowa and oan be detorwinod readily. 
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Since the dimensions of the free space between the Pllling 
and the top of the minition ares imown, the lateral conter of gravity 
of the volume occupied by the run-out phosphorue can be caloulated, 
andiv turn, tho lateral unbalance due to the run-out phosphorus can 
be oatimated. 


The data on thormal stability tosts of camplos in glass 
sanple bottles thet wore reported in Table IV of tho progress report 
covering the perlod Ostobsr 1 to December G1, 1947, wore *eoalouletod 
by the mothod deseribed ahovo. The results, together with some of 
the date presented in the earlier report, are shown in Table IT of 
the oresont voport. Although the egroonsat botwmou tho valves 
“estimated” and tho values “saloulated"” by tho methed outlined above 
is less closo than is desirable, the goneral correlation betwoon the 
two sets of values Indicates that tho mothod of calculation 1s suf} 
ficiontly valida to show, at loast roughly, the movamens of phosphorus 
through and out of a solid bimler of the sypo used in the TVA 
expevimente) flilines. 


Dete, obtained from tosraal stability teats of fillings in 
W1S grenades are shown in Tably ITI. The plaster of paris fillings 
show consistently high thermal stabilicy. Buarveloa and “hiokol LP«2 
fillings appear to have practically the save theswal stability, Tho 
errasie bohavioy of tho fillinga preparod from polyviuy). aloohol 
emiiaion and plastor of paris ey be duo to the fact thot tho 14 sorios 
was 14 days old when the tests wore mado, whereas tho Li and LA sories 
were oaly 7 days old. 


Perhaps the most sigaificact valugs in fabtlo VT are those 
ia the lest column, the percentage of the total unbalance caloulated 
to bo dua to ths phosphorus that had run out of the main body of the 
filing. In fillings bousd with sither ordinary plaster of pacls oi: 
plassor of paris set with polyvinyl alcohol emulsion, abouts 33 por colt 
of che wahalanco js duo to tho oxuded phosphorus, but 80 vey gant’ of 
the umbelance of the Duralon Pilllogs, nal 115 por cows of the 
uvbsienco ef the Thiokol l@-2 Mlllings ap .oars to bs attributable to 
the oxuded phosphorup. ho value of 115 ,er cent for the Thiokol LP=2 
fillings indicates that tho calouletions avo gomvwhat inexact, but the 
rolasivs values for eaoh typo of filling orobably avo ju approxiwately 
tho correct ratio to thea values for the other types. 
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Trox me 2 2 Stability | feste of Duralon and Thiokol Lie-2 
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lotoral wnbalance of heated 
Samp le Lous of ie He se ncsnrneseen MEDS g OTM OM cc mnes 


no. Bata, > AL ated. AS woud. Bete, b) Caled. & 


Dura tor 

EBS 56. % 22.6 79.0 40.0 £368 
890 35.9 O77 £3.5 46,1. BLA 
E100 7.0 4.4 19.3 14.2 9.% 
Bieo ait A 18.9 7 @; 8.3 
f fhdlokod ib-e 

BO 16.0 2.6 22.8 29.0 19.3 
J100 2% Tee 18.8 9,0 18. 
SLEC 2.4 3.7 16.8 4.9 yes: 


dhiokol LPaa with Veranptoe the noi, 


eek re eae eee 


NGO 17.3 14,0 “0.7 Si. 26.0 
MLOC ‘ Aa 6.8 14.0 20. ; A a 
Ml2¢ 4.6 Bee 19,5 10,0 7. 
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“ Pep comb of total phospugvar chevgod that row owe of body of 
the Pllldag. 

Astimnted Leona am-nguruvents, after solidification, of the 

9 Phosphorus thac had vun out of tho body of tho fide, 

? Caloulated from ehitt of comier of geavkhy by wethod dosoribed 
iy, thin voport. 
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Shovmal Stability Teate of ¢ Exporimentod. Fillings in MiG Grenades 


No. 


Rem re UNMET ASSES Enka | Mee Ane AMR Rae 


€& 
(Munitions heated & hours at 65° G.) 


Contor of f grevity, nunition 
faielar Aer kast ~~ 


long..® Lone.,® Lat 
cm. Cin. 


Duradon 

BOA 5.96 6.10 
ROB 5.98 €.08 
ESG 5.95 6.02 
HOA 5.95 5,99 
#2103 6.14 6.22 
ELO0 8.00 6.18 
BllA 5.97 6.12 
#113 6.00 6.13 
S126 5.96 6.07 
242i 6.08 6.2] 
8128 6.128 6.23 
S18, 3.14 6.238 
$183 6.16 8.82 , 


fhioko) EPR 


. Tan wee Bee 


J204, 
SRO 
SBA 
J2LB 
“ Jaah 
S223 
JBL. 
Jes, 


3.96 6.05 
5.96 6,09 
5.06 €.10 
5.96 6.1) 
8.06 6.16 
5.87 6.01 
6.06 6.14 


5.97 6.04 


5.96 6.10 
6.02 6.30 
$95 6.08 


5.97 8.08 
6.06 6.16 
6.00 6.18 
6.05 6.19 


6.08 6.16 
6.09 6.01 
G08 6.24 
6.05 6.21 
6.42 6.25 
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0.079 
0.071 
0,013 
0.022 
0,036 
0.032 
0,036 
0,033 
0.018 
0.05% 
037 
0.002 
0.056 


9.084 
O.08S 
0.005 
0,033 
0,052 
0.008 
9.028 
O.Q52 
0.088 
0.0352 
0.027 


089 


0.059 
0.027 
0,040 
0.027 
0.002 
0.061 
0.087 
0,027 
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Colevlotod movenaah 
ge phor us 
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100.0 
106.6 

49.7 
165.6 
126,28 

79.7 
234.28 

88,0 

99,4. 

98.8 
151.2 
100.7 
108.6 

60.4 
124.1 
115.8 
133.1 
138.0 
148.6 
156.0 
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a 
Conter of of spavity, munition Calauleted movement of 
f Initial ~ “After test phosphorus _ 
long. ,* Tong, 77 Tateral», Tun-out, ba “Unbaiance due to | 
No. om. om. em, = of cherge® run-out, % of £ maagd.t 

Plaster of Paris 

G1l2A «06,05 6.10 0.059 2.6 40,8 

Gi2B «6,06 6.08 0,023. 4.0 41.9 

Clee 866,06 6.07 0.024 0.5 24.6 

Folyviny Meohol Buuletou-Plautor of Perks 

LAA. 6,00 6.10 0.056 AWG 68.7 

T4B 8.17 6.20 0.065 444 "6.8 

L4G 6.39 6.89 0,034 wad aid 

L4n §.38 6,86 0,068 Led AG 

IS6 8.08 6.36 O13 15.0 38.3 

: top 6.06 6,52 0.482 Lewd 39.6 

Léc G12. 6. ae 0.414 10.0 Bed 

L6D 6.05 6.82 0.13), ane4 5.4 

ara eng oeteac agitators tues Pinata ks bi a ec ree cance es OO sand cass este SG ear ov ee tae 

8 Pho loagiiudisul Loowsdeon cf tho census ov gravity ts measnwed 

f fram bho base of the nun a. Tho vontow of zrevity of the anpty 
MLS gyvenado wich turstor voll in place varios Cele ty vepulerly ond 
audstaotially lincarly from $.98 om. fou c. G2O-gear cono aud weld 

+ to 7.82 oa. for a 346-eran onso o0 voll. 

Movenant of tha canter of gravity of the wamition Som the 
loagitudinal oxlea. Yoo conbsrs of gravicy of most LPliled grenades 
vere oa the Jongleuddnesl) oon of tho munitions; woon the prenado 

wags yubslenece daitlelly, the Jaterel snify is tho divferenco betweon 

. the final and the initial positions. 

Duvalon, Thickol LP+2, and plastcy of paris filliage coach soatained 
253 geaes of phosyhoruc. Fillings o” polyvinys. Alcohol smulsiion and 
piastor of arin contained about: 270 grans of phosphorus. 

2 tateral unbalance of! phosphorus calealated to have run out of tho 
body of the filling divided by the Intered unbuleace Sound by 
measurorent of the tested muultion, 
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The porosity of plaster of paris, and particularly the Large 
gas pockets of the omulsion-plastor fillings, probably permit sett liag 
of molten phosphorus through the bodies of those fillings, so that, 
with the munivlon on its sido, tho upper part of tho bedy of the Pilling ; 
would bo expocted to contain loss phosphorus then the Lower parts afvar 
e thermal, atability teat, The buralon binder ie a rigid waterdal, and 
settling of phosphorus through this blunder wilovbsodly occurs, although 
to a icss oxtont than in tho ploster fillings. Thhoktol LY~2 cate to an 
Slantio rubbery solic, howevey, which prosumbily should expand somowhes 
wixlor the presume of molten phosphorus develoyss in the therm] stability y 
teats. Toouusy of tle elasticity of vhis binder, vuptursa ia the walls 
of tho celle in which the Individual gravules of phosphorua ovigiaally 
vers gomcalned wleht be expected to cleo up ator onough phosphor up 
hee boon oxuded vo relievo tbo prosscure, with the rosult that theo 
should be less toxndonsy Tor the phosphorus to sotblo downward through 
the body of the PAlling than thave in in Duralon Sillings in whish 
ruptnees of the oo} walls probably ore pomanont. 


Tha Durajon fillings oxuded an average Of 5.5 per comb of thy 
phoaphores proscnas, and tho Thiokol IPe2 ¢illinges exuded on averazo of 
6.35 por cout, Date on tho thormal coeffielent of expansion oF 
Vadokul LP»t ers nob aveilablo, The naqufacsucers atete thet Duraloa 
has about the aww. eosffielont of expansion rs stool, 12 x 10? per %G, 
Since the cubteal cogff{islent of oxpangion du about 3 tines the linoar 
soofflelemt, a plevo of Duralon, or the cavibios ine apongs of 
Duralon, may be ccpeoted to imercase to 41,0024 Glued the original volun e 
ox. being heated 40° G. (from room tewpovature te 35° G., the tenporatut @ 
of the tharmal sbabiidey bent). Since solid whits phosphorus at 26° 6, 
has @ epoctfie gravity of 1.48, and molten phosphorus 94 65° C, hage 
spooktle gravity of 1.769, tha volumo oagupicd ly tho phosphorus Jneratse weet 
“0 1.055 Sinas its original sie. if bio solid phosphorus jus filled 
the vohcated spongo, thew, assuming the sponge to be ionolasiie, 


(1.055 = 1,0024)/1.055 = 0.95), 


or 5.1 par cont of the initial chacge of phosphorus would be axuded fxm m 
tho body of the @illing. Tho elastic fhickel LP2 appurently ig ao mos e 
atle co expanmi ard choreby votain the molten phosphorus then is the 
rigidly solid Duralon, vlthough the phosphorus roraining in Whickol Lk Q 
filings efter thorm.] gvability cocts appones to be more vadformly 
distributed along pleres perpendicular Go the axis of the uvaltion tha 
Uhe phosphorus romadrang in Duralon fillings. 


~10- 


The fillings jisted in Table Tif, particularity the Duvalon, and 
Thickol LP2 filliage, varied considerably in cortuin of thely components. 
Astonpts ta dotemmlne tha effect on thermal stabllisy of such variables 
as particlo alge of the granulated phosphorus or modifications of the 
a binder, a3 by addition of morcaptoethanol to Thiokol LP}2, were mavecessful, 
Duoliorte fillings often differed more betwooa themacives then they 
differed from another filling oontudning the sams binder, 


| 
| 
| 


Ie is coneludad that tho thermal stabilised shown in Table IYI, 
whether eupyagued ag shLM of tho center of gravity ov au the ability of 
tho biades So retain molten phouphorus, reflect on inherent property of 
tho Winder. Tile property depends upon the porosity of & blader such os 
pleaser of paris, afd upon the soeffielent of expengion of an impervious 
nowleaptie bine: sugh as Duralon. Since theso chavacheristics are 
kewrens an the binders, improvoment of the ther] stabllity of fillings 
prapared with thica Lindors my be accomplished only by modification of 
She propgosviles of tho particule: binders, a mrtnod tht coos not appear 
Go wm Porsiblo at proseat. 


PHSPARASLON OF RED PHOSPHORUS IN 4,2 OM SHRILS 
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Whe ¢:.2 Chl shells whieh vero to ts charged with imssive rod 
phoophorvs, prepared by conversion of white phosphorus directly ia the 
g0042 euso, wore fillod with wolten white phosphorus containing 1 per 
esau culvar ead practically freo from water. Tho sulfur was added in 
cho Form of the 30-20 phosphorus sulfur euteotic. The burster wolls 
ward seaxtod without application of lubricant or dope to tho seat. 

Siace tho burster-well seat obviously is the weakors joint in the 
aasembled shell, a threaded plug was sorewod into the nose of the 

snoll to press against the open end of tho burstor woll and hold 44 
soouraly in the scat. A hole wags drilled through tho threaded plug 
along its axis, and this hole was threaded at the top to receive a 
1/4einoh standard pipe. Tho pipe served as a means of suspension of the 
snoll and ea a sheath for the thermocouple that was iaserted into the 
burnter well, Tho shell was heated in © vartioal tubo furnace that 
was supported above a 55-gallon drum about two-thirds full of water. 
The shell wae suspended, by che pipe, from a cable rumming through a 
pulley ahove the furnace, so that the shell could bo raised and lowered 

, by renote control. 


The shell containing the white phosphorus was heated in the 
. furnace until the temperature indicated by the thermocouple in the 
burster woll shoved @ marked increaso in rate of riso. When this rapid 
riso of temperature indicated that the highly exothermic conversion had 


fa 
: i 
G 
iS 
a ts 
i 
i 
g 
go 
i 
i 
H 
: i 
a 
° 
e 
» 
e 


elle 


Tho pipe in the threaded plug extenied above, tho water end kept the 
burgter woll dry. The tomperature ahown by the thermocouple in the 
burater wall conatinved to risa for soevoral minutes wotil a wan 
was reached and maintained for « minuto or go, aftas which the sholl 
cooled fairly rapidly. Who» the sholl had cooled ta adots 100° G., 
it was pulled up through tho furnace and removed from the supporbiag 
nose plug. 


started, the hell was lowered and completely submerged in the water. 


Typical therm] hiyborien of sowreal shelis avo listed an 
fable IV. ‘he vate of hoating of tho olurges of whaase phosphorus in 
the shells apparently did not affect the tomporaturco au chich the 
coaversvion was initiated. ho tonperatura at which vhe convosgion was 
dinitleted waricda from 240° to 290° G., as is shovm in Table V. The 
raximun tenperetures obtained in sheila that were qeenohed In water ag 
g00n as the comorsion was judtiated varied from 415° tu 689° C, 
these rather vide veriabions la observed tamorosures prohably aro dua 
ag wach to fortuitous ditforonces Ja placonant of the thernccouple in 


the buretve well as to differcaces in tha bekovioy of the verdous charges. 


To will be noted that the conversion Li sheild R16 in Table IV 
appavontly was initiated ob abowt 260° 6., but that juonching of the 
shel], scooped tho reaction. Tiis phenomenon, whieh has baon obsorvad 
o fow times with charges in both M15 grenados anc. 4,2 GM shelia, caight 
complicate contio2 of the largo-seste production of phosphorus Mdllings 
by the gomeral method omployed herve. Tt seem probable, hovevor, that 
if tue sholls wave permitted to atiaiu a tcnperesuce of mhout 350° 6, 
tofove beolng quenched, the ecnzorsion would alwevs go to commletion. 


¥hreo shells waro Jef; in the furnace nftor the oonvoraion 
had been Initiated. Only one, R-1 an Gable IV, withoteod tho coalitions 
imposed without noticeable oak, 


fholls R18 end R«#3 (lable V) wore Jo.l% in the furnace until 
roximan tomporvatures ef about 560° G. ware roeched; bobh of these sho lls 
dovelopod bad leaks at the maxinun tomorature end ward quenched 
dua diately. Both shells luorzased in weight, as chown iu fable V, 
preaumably by Intake of water theough she tetlures that had permitted 
lose of phosphorus, An inspootion of shell Rel shoved no apparert 
serioug failuro, but the base of shell R-25 was pushed almoss ovt of 
its aoat, and it is probable vaat, had this shel}. remained in tho Surnaeo, 
the case would neve been blown complotoly out of tho case. The Mz 
shell (silver soldered) apparantly cannot stand the conversion without; 
guenehings quomehing cools the soldered joints enough to ensure sufficient 
strongth to withoteand the pressure generated in the conversion, 


& 
Fs 
| 
a 
i 
} 
a 
5 
E 
i 
i 


set 1 asst 


TABLE IV 


ARO OE eRe 


Therma) Histories of Conversions of White to 


CURSES eam 


Rod Phosphorus in 4.2 OM Shella 
Shell R-2 Shell R-13 Shall R-iG 


Pine, 1omp., C. ‘Time, Tomp., “C. Tine, vom.) Cr 


min.® Fos) Sholi® min.® Feo.P Sheli® min.® Foo. shoit6 
16 61 8 0 585 39 0 A6 12 
30 110 14. 18 315 85 16 336 4 
45 187 24 30 83% 146 $0 «3548 
g0 195 43 45 357 209 45 S777 
16 223 18 60 8380 261 55 393 219 
90 261 109 61 ~ 268 5G be 22d. 
105 R89 144 62 oo PAS 57 ” Leg 
120 513.72 63 - 271 58 " 231 
185 345 BEl G3.G4@ 36 276 59 “ £56 
150 363 264 64 2 28% 60 402 239 
ist ” 267 66 22 B42 G2 “ we, 
152 ~ 269 66 34 429 gad Al 267 
153 . 272 67 38 487 5% Ad, HOG 
15 “ 275° 68 37 518 C4 AT $18 
155 ” 260 69 38 518 6b? aug 810 
155% 3 908 40 uO 497 65.58 -- SBA 


17 AL 44s 71. Ho 473 6G BG O64 
158 14 407 Te 60 449 OF SL #he 


159 13 «$29 15 ad 373 68 52 ASS 
169 I? -§29 80 AR 262 6A 58 429 
183 19 «SGA 95 42 182. 70 BG AIS 
163 20 $221 9cP 42 125 7, 54 98 
433 al «BOA 72 ba SOL 
164 22 483 1h 55 526 
166 a2 462 80 55 240 
170 24 = 386 5) 56 «192 
175 25 186 908 55 ied 


185° 26 80 


ee essen ecm 


- Measured from thins shol] was placed in furnace. 


ants eee = ws rem ane: 


Temperature of furnace tube while shell is ia furnaco and cf water Jn quench= 
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38% 
369 
556 
351 
564 
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is) 
12 
188 
190 
eet 
261 
"55 
258 
257 
268 
$43 
466 
§12 
547 
556 
566 
562 
563 
564 
565 
565 
562 
558 
552 
622 
497 
494 
453 
485 
S74 
24) 
137 
70 
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ing tank after shell is quenched, or axtoracnl tcomporatyuro to which shell is 


subjected. 

femeraturo indisated by thorriocouple in burster wold. 
Shell lowersd into water. 

Shell ‘removed from water, 

Shell raised from water back into furnace. 

& Sheil lowered again into water. 
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PARLE V 
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Gonvergion of W Wh nite to Red fhosphorua 3 in 4.2 CM Shoilg 


92ND erer mere CONOR oF PLONE RED UT RENTER ATES TET 3 7 RA 


¢ 
Shell wolehs, eras: : Waights of _lomporature , 205s 
pata sain flied ——<“<«é chee, «= are or 
lio, Empty’ “iattialCouverted ___grems__ sonvoraton — Mazclmam 
Rel  6G6B5 10265 10870 8570 260 565° 
Rea 6665 103.60 101.55 34.65 £40 9 415 
Red 6675 10138 eet 3460 240 408 
Reg 6685 LORGE 1LORR 6550 250 427 
RG 6670 10255 Too 3580 250 451 
Re 6665 ion LOL7TO 8505 als 507 
Re? BENS 10208 10#05 3020 250 ” 
RG 6605 10689 LOCH 3578 270 ATS 
Rgh 6655 Lo20n 202.90 35.45 255 434 
ReLol 6600 2.0030 10080, 3380 255 4.38 
selit 6S6% 10185 3,073.85 $520 270 478 
Rol? O97 1013.0 2OTIG 3485 280 5o1 
: R13 0870 20285 10160 64.85 ato 518 
Redd a605 10395 19200 3540 285 539 
R16 6670 10155 10380 5285 alo 520 
° R36 B20 LI24B 1924o S528 250+ 4B 
Rah? BB35 19449 LOIAO bo08 290 538 
RRO CBAad 10355 LI2SG $520 ava 855% 
Rel@ s GBGu ro LOGS 3880 A5B 517 
Rad GET Mas 494.55 B7AS Leaked belly at GE? 
R~21. S644 1010 Lost $795 Bovet we gen? 
Ru2e 6690) LOLSS 20146 6465 BUo Eau 
R23 6645 10146 LOELO $500 280 52% 
R-Lig 6690 10070 £65 G00 45 485 
° Voight, io merpest 5 gyvama, of ahold, Lurstey teil, aad plastic nose 
OBE. 
Initiel charg: sontedmed 78% WP, 25% «P. 
S Remained in sinasce durdag convorgion, 
> 
r 
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Sholl Rull2 (Table V) wae the only welded shell in which the 
white-torred conversion was carried ows. This shell anoked be ‘aly be fore 
the conversion wag initiated, and the tabulated deta shor that tas ahell 
Load at least 100 grams of phosphorus. An inspection of the quenched 
shell showed that most of the leak wes through the joint between the 
adapter and the nose of the ease, although sums Jeakega oleo lad seeurred 
at tha joint totwoon the base and the case, 


In aheodic Rw] to Rell and choll Rie An fable V, tho catalyst 
was nob woll mixed with the ohargo, but ia abells ile to Mead the 
charge wag ‘bhorotighly mixcd by shaking tho freshly charged shell while 
the phosphorug was otill molten. The soawhot lower tomosvatures ou 
whioh the conversion was Initiated in the fargt group of sholla may 
woll ba due to high loval concentrations of catalyst, tor 16 hos boop, 
found, in conversions of white to red phosphorus da Mb grenundes, thet 
Aneveasa tn tho mount of sulfue tonds to lower thi tonpovatuvs of 
initiation, of the conversion. 


Shells RY, R-10, and R-ll worn charged with e wbrvure of 
about 76 yo. cent white and 26 por cont ved ee weg. Ag ahowa ds 
Rabble Vy these chargoe benaved almout oasotly 1 329 combloLeive omer 
white phosphorve, Sineo the ved phos phorus ja iho jniviad eharga did 
not lover 6ne maxi temperate obtained ip the convorsion, tho use of 
reg phoyphovug dr the inksial charee dogs not seen to ta of any advantaye. 


Svella 20 and Re) ducadvertovely were CLllod with oxvessive 
cherges of vals phosyhovus. Shall (2) popgar vo sreke eb abouts 2165" 6 
ard when the tespoveture veaciod 220° 0., the tare of the shall was 
pushod ex:irely ous of the eauo oy tho expansion, of tho phosphorus. 
{hore was ec. wild explosion, which rained the choll abo 2 test, bub 
nost of tho phosphorus fell into the quenching tems. Sholl R-2G hogan 
Go amore profusely we 196° G., wheroupon 16 was guouchod and digcanded. 
The usual chargs or white phosphorua, $690 grams, amourbs to 1,62 gscua 
per oc. of free spaco iv the 4.2 CM chelt (2310 cc.). Charges of as 
large as 2.56 grams of HP par ce, (Stokl R-5) have bosn subjocted to 
the conversion, but the 1.64 grams of WF mer oc. da sholis R20 and Ree 
obviously 13 greater than the capacity of che fairly aovelaguie conmtainor. 
The mximuu permissible charge probably is close fo 1.55 grans of WP 
per co. of volume in tho shell. 


"3 


An attempt was made to estimate the heet of reaction in a 
munbor of conversions. A swall quenching tenk with o capacity? of about 
40 liters was provided with a pump to oivculate tho water. The tgempera- 
ture of the water was measured with a 10~juriction troneconstantan 
thormosouple. A measuro of the correctlon to be applied for the heat 
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oomtent of ‘the shell tefore conversion wee made by quenching two shelis 
# before couvyorsicn wes initiated. Tha results of the measures ota, 
listed in Tablo Vi, ore loss consistent than 1s desirable, bat they are 
oloae to tha valua of 16.0 igs ~oal. per molo of P, thet ia reported in 


: the literature. Shollg R-18, Relé, and R16 dn Tab) lo IV wevo thyrea of 
these used in the do-torminetion of the heaw of reaction. Tha uncorrected 
rigso of tho temperature of the water in the quenching touk is reported 
in Table IV. Escauso the weight of tho shell was neurly twice the 
woight of the Ghar Es of phosphorus, the correotion for tha hoat im the 
shol] before conversion began vos about as largo a6 the boat af the 
roaction. 

TABIE VI 
Heat of Reaction In tho Conversion of White 
to Rod Phosphorus in 4.2 CM Sholls 
Tomperoture, °C. 
Shell “Stare of Wout of vaackion, 
, no. goxverdLon Tac og. veel. por mole of 
3 Reds 265 317 15.0 
Reels 27S 518 16.2 
QelG 250% 133% 16.9 
Rode 260 483 7.8 
ReGé 270 420 L705 


MAPERTMIUTAL PILLINGS COITATRING GRANULATED WTutia 
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PHOSFRORUS IN 4,2 CM SHELUS 


or MET, FOR SA a Line ASO 


in addition to the 24: shells in Table V thst wave filled with 
imgsive red phosaphorne, 72 other 4,2 CM shells were filled with 
exporinental fillings comprising granulated white phosphorus and 2 
binder. Those shells have beer, sont to the Army Chemical Comter for 
vost. Six different fillings vero made, and 12 sheliso wove charged 
: with eaoh filling. Desoriptions of these fillingrn aro given in 
Table Vit. : 
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Bix Experdmeutal F Phoaphorus | Filling g in 4.2 OM { Bholla Sulieitved 
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Plaster of Paris, designated "o° 
Hinder, parts by woigits: plastes of paerde 200 
VI wOs" 100 
Pinstoy of Pawks, dostraatad "tn" 
Binder, pfu by wokehes planer of parka 109 
eae LOO 
: VAN Elsdon Ploster os) Parle, dork eto mae 
Bindery, paria by vieigni: SOf% owmleion of WR ia 4% aquoous 
. pohatica of polyviny) alerhoa, 
redLuwan ous wens Lt 14) 
plesuer of ooris an 
“Duralon, 0 den igueied MeN 
Birder, passe by weights Duralen 30 LOU 
Aguiretov F ae 
Activator & uO 
thiokol Lie, desienctiod vee 
Binder, pats by woight: Thiol Le-2 3.00 
fur Pural £0 
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wor, peas by wolght: ‘Thiokol LP-2 106 


farvfural 20 
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Particle cage of 3 EMI ns 

Rypo eramniatod WP, wi. % Grune = ° 
doctimation Sew yoah "meh indor © obed 
G as 650 2054 L180 E874 
n i. 130 2205 1130 BAB 
iy an 70 2089 g5O S006 
B fC fae) BOWS 966 $17), 


a 30 70 2206 967 3162 
x 30 70 8005 957 SLG2 


fhe ceoonletse phosphoran wsed ia ? Cry Gye 


vere dewatered only by blower cegbea dioxide roth Gh3 eolumi of 

phon g gheiigs da tho dayiag tule. he geeoulated pos whorng used dn filling 
"hn" won washed wibh wledwol, ard eh.t used da P2ddags 13” ont “HM” was 
vigahod with ncothone, 
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VWhe wolgatge of che 23 1id.i58 Listed in Table VIL are thona used 
iy the preparation of tha wmistvre for onch shold, Tho grenulatec. phos 
puorus veo wedghod uuder wetex Defore dryings the variable holdup of 
Lignid wy the ee ond tae mochantoat lonses ontedled la she dwadiag 
operation resulted jn vorlatiazrg in tho woignta of the filliags placed 
in the individual shella. ath tho oxesption of cho fillings in the oo 
series, the phosphorus for which was not eae arisgi, vacletionus fron 
the totel weights given ja Sable VEC were lege thar 100 erom, 


(i 


x 


UNCLASSIFIED 


“i hatthellinte shes bball 


tT 


“- 


Hien afeetinp ble nationat 
iy othe mannii of Phe 


Soe ho etanent @eniadi odpce 
soaf tp Manate f ste 
, eo§eb BE SOL be ana. 
mission toon Liu cevelation of ips contents: in any manner tc 
an unaidberiged parson is prohlblyed by law. 


rong adie). Tbe Valls 


«Lon 


REVIEW OF RESULES AND PLANS POR TERM HATTON OF CONTRACT 
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iy has been shown thet maasive red phosphorus fillings may bo. 

prapared in 4.2 CM shells by heating chargos of white phosphorus in the 
shells to sone temperature, batweon 250° and 300° C., at whieh tha 
exothermic conversion reaction do iaitisted, and quenching the shel] in 
water when the reaction ts woll undor way. Tho quenching aypoers bo be 
mocgasary bocanse the maximum Lomperature of about 560° 6. that may be 
vosoned is high enough to soften the silver soldar vaed in tho Mes 
shedl sufflotently to pexmlt fedluvs of the nosy ve vase joint vader 
sho presuuve goneretod in tho conversion unlesa the jolats aro cooled. 
The case itsolf apperently cen withstand tho prassuve generated whon 
she aholi 33 not quenched, and aodifiloation of who shell to provide 
jolate ete itetas remain gaatigd:t uvler an Invernel pressure of 600 
pounds per squere iach ot 660° C, would expodiia larpo-sotloe application 
oY bho ane eion. hoe shells thea could he pagsed through » fwnace 
manteined at soxo Gomporeatuve bolwwen 300° and 350” C, and comoved at 
any tine efter comoletion of tro conversion, {8 tha shells aro to be 
qwenchod, however, any device that would ensure quenching of eneh sheli 
tion & tomporatuse of atoub 550° CG. ds attained in the burate, walk 
probably would peruit lagge-soele wie of this ieotaed dy preparing 
imasive vod phosphorus Piling ju 4.2 OM shells and aimilay muaitione.. 


theo Cilling of mivsty-oim 4.2 OM shells with czperimonte) 
gharges Sor testa ub the dry Chemival Centor aomietod substantially 
Q32 the oxposdavecal woes wecor this contracts. A sunmey report 
goverang @lL the works pea Torvad under the contzach will be prepared 
and suluittied to tho Amiy Chomienl Soxbter by Apell oO, 1948, on which 
deco the oomrec3s ta to bu te.cnduatod. 
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